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(57) Abstract: There is provided a technique to more effectively reduce the MRAM memory cell offset magnetic field. An MRAM 
includes a free layer (1 1) having reversible free spontaneous magnetization, a Fixed layer (6) having fixed spontaneous magnetization, 
and a spacer layer (10) formed by a non-magnetic body and arranged between the free layer (1 1) and the fixed layer (6). The fixed 
layer (6) is formed in such a manner that the orange-peel effect and magneto static coupling effect are not applied to the free layer 
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5 m%7><yi±7t>tt*^) (mr am) tH-rs. *^§bj«, # 

fc, MRAMO^un^ic^iMfS^-fey h»*£*R»'*"S&#©«*£ 

10 MM.7>yi*7 P-tZ^^V (Magnetic Random Acce 
ss Memory : ETF, TMRAMj <h^5.) ML. Ka»*ii*3fi*^JIBTr 

2i, £>«1 0U7U-110 2 tOHt^RSnfclfBtt©^^-^ trig 

i o 3 tctott^snsaaoafi^i o 4&&t$. 7'j-iio2tt, 

20 /t'JtM, 1 tfy hOr-^§, 7'J-Il 0 2©g^aft;©7j|n)<i:L 

JK{b<!:^¥ffT*5" W 7'J-IlO 2 \£>M 1 0 

»J-fc;W4." W «JB£," tt»«k© 3 •&©-:£«:" 0" K. flfi7j£" 

25 1" H^Wt^^i^ckD, 1 tfy KD-r-^*l3trr*. 

p^^ErU ■fejpa* £ ©x-* ©g^ffi U M, «&iatfi8Mlk: J: * /t'J -fe;U©& 
tfi©&fc&tftfct"S££KJ:oTfTtott<5. tf>® 1 o isi;7'j-1 10 2 

-H0 2 t©gfS«a<b©i«i^^WT*^^cfi, 'j-t;i/©ffi*itt. 
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tf>ll 0 lRZfy*)-mi 0 2©efg^fc©7Jfl, BP"£, ;*^'J 

ii:ctoT7'J-Il o 2©i»«{k©*i6i*E*5$-&sc:i:t«t-3Tfft)n 
7'J-I10 2^Mt^Wtt, *SM(:tt (iP-fe, K3*«tt#©n 

15 &frmi%\zttvxmmu¥f®.**T, m*. ^t'j^t-yMiHo,, 

C«J5«*»«*«. " 1" £" 0" fcTJIfc-SHtfciftflcU-O**. t7tyh8 

20 Cl©^-7-fe-7 hIi©M©Kiil/T, XVyV'V.-Mh^k (Orange Peel 
Coupling, XteNeel's coupling) ;&*&l£*T.T^£. Kools ^te, ^"U> 
W—)U$}%:iZ&2>*7-\Zy bB.M<D5£*E$:. ftia-Z rj. C. S. Kools et al. 
"Effect of finite magnetic film thickness on Neel coupling in 
spin valves". J. Appl. Phys., 85. 4466 (1999JJ tC^^LT^-S). 

25 B3fcjftSftT^*J;5fc. ^VyVM-^mt, \£>M 1 0 1 £7 >J- 
€1 0 2£<03fcifi0#¥£ttfc:aHUT^*. MR AM©/i U "feJK0|«6l 
gfcfcHT, b?>JIl 0 1 ty'J-mi 0 2£©^ffi«, £|»±, 
itT2>Z.t&mMT°&K), tf>110 1t7 l J-I10 2t©tffili, gjsfcc 
ttRfl-pTtri*. fcf>ll 0 lt7'J-ll 0 2ii<Dmi*>\t, tf>110 1 
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i7 U— M 10 2 t(D^mit<Dm\zmm^Bmimterlayer coupling 

field) ££i;£-t*&. z.<Dmmm^mmit, ^ ; e'jw^7tyhsii& 
hmm<D&£.<Dm<DmmtvT, mm* 

5 (Magneto-Static coupling) #*fcJ«&ftT^5. INttft? 7*U >^^«, 
*®4#ifNo. 6, 2 3 3, 1 7 2IJ, *l/>^t:-;Wa*tlHBI*yyU 

if-;i^*t«H8*y^u>^*tSffi«s-B-sc:i:fc:«koT^ i e | J-fe;P© 

15 H5tt, ±BB©*ffl#lffc:PB*3nTV^MRAM©^ ; EU-fe;U©«liiSr^ 

To mm 1 1 2 TffiMXJBfiti ut, x^—y-i 1 1 6 

&. ±amMmi 1 stsflM-w*. r^mmmmmi his, # h a 

■ I20t, £3MBtt#JI 1 2 2 £. fc!>3£&tt#Jfl 2 4i, )l/x-^A^ 
126t, @£3iH£tt#)l 1 2 8 £fc«fcO#WESnTV>S. ±m&ftUM(l 

20 i8tt, 7 'j-^aiti 1 3 o 1 3 2 iia DMsnxv^. tr> 
&m&fcm 1 2 4 ts^^ssttM nsttt, H£<*nfcaB«fl:*wu 

7 U -3i!58ttJl 13 011, Kte^*6&afH8tfbfc#LT^*. 

TIB5S: 
25 M 1 T 1 <M 2 T 2 , 

tf >%ttttttJl 12 4 ©HJPT & D, M,tt, tf >3£E8tt#jf 12 4 ©BtfbT?* 
£ 0 St', T 2 te, H3£3*«ttffJBl 2 8©Bt»T»«3, M 2 tt, M&fiBtttt 
Ml 2 8©«fbT»S. 3«5*tt, 
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T!<T 2 , M a =M 2 , 

T X = T 2 , M 1 <M 2I Xtt, 

T,<T 2 , K-D, U X <U^ 

7'J-H 0 2(7>l*lg|$t~:fe^T, 1^— *SftjRTH3ftV». 06Bte, 0 

ioT7U-Il 0 2fcHJllPan*aHiO**SSfHfLfc«S*&^LWS. 
7'J-I10 2*«SJt*««H, t>H 0 l©$C3fi^&BT;*:£<, tf> 
io M 1 0 1 ©flto* 5»nfcMT/h$ V». H©«t 5 tc, 7U-I10 2 

55JC, ifi*p0MRAM©^flS©iiJ8tt, MRAMfc'&SnS^Bc©^*'; 
15 T«Ci*BKCl/TW5. MRAM©aWbl;#oT7>J-Itti</,!:*), 

AMW^^U-t^TKfc^^nS^^'J-feJl'W^T^ViT, ^-fey hi& 
&M$ttft«l 2000-332318 10-188235) 

CiitdO^THeWRL/TV^^o h'tt, 7U-Jl^jiIE^A'-1'T7. 
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£©«fc "5 / ; E | Jt*Ot7ty h««**0«l*WK:«^$-&S 

^^©HlCfficDSWtt, MRAM©«ii/15'.y*J&*, iMR AM©/t 'J-fe 
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* v > i> e— \z «k o TiuiE^ u -m \zm%. z>m 2 mm t omwnnwHz 

fSffc© @£ S £ W fclS^-r * «fc 3 fclKJS SWT * C £ £ 

7'J-It, M7iUBSlt, #aH4#T«J*S*i. 7'J-H<h^Jl:7x 
JBl^lRjK:iRlttTB3esnfc*lB«a58«fl:&Wr*IBl t>Ii, gftflBIg 
20 e>»t*-&tr. IBi e>««. iWIB»i^|S|t3i#rs«fc5k:iB»snfc* 

SSS<DMf3M^^|pJfC*5V^T, l£ 2 t>ftfigi^ (aligned) T<5 
25 5l3l*SnTl>S. 3Efc, SBlBJgeSRHBffca^SSMjtU ilu*I3lf§2B 

ifi&nmz (m 2 /m,) • 1 2 ©j?$*wr*«fc'5c^anTVJ*. 



6 



WO 2004/006335 PCT/JP2003/008460 



10 2«»i:©*D3&»*KWCO»CJ5t*«k'5IC»j**nT^*. ^MRAMTtt, 

15 T**. 

ii7i'j@^i^, mz, mft&i v>mti$j&%2 nymtom^wt 

20 *56?B©3Efcffi©«^iK*V»T, MRAMtt, SCT^SS gfS®tffc£^r 

tt^wrttsti, mm7 i J-mtmtfcmfemt<DM\zft®2ntzX'<— vmt 
sixths. HfiiEH^Bti, iifEmi77i^tcM#-r^>cfcdtciBis$n, mm 

25 WIE7U-JiCSI««Jfc«S!Lft:^8aEK:*#V». 1MB* v :7 'J > ^ 

ja*ti, B3eM©W'*tt*«ttc«k»3ij«*n4««fciaH"r**»e». bqib 
®mm<D3fttm$i7 i J-mt<Dmmii*ftMzjz%< tznut, mmxyzf 
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ajeaifko^ssrMitu miBB*2B]iS58awii©*#3SM 2 ti/, «2 

io fcf>g©J¥S£ 1 2 £bfc<h#, KS2g|$#tt, £KWK (M 2 /M,) • t 2 £>J¥ 

$2 tr ?/^u>^«i*K:<fc^T7U-Hc^s«»t. eara 

tS7U-It, Sl7x'Jl^Ii, 7'J-It»l7x'JBJlii0F B 1i: 

«u* t «. mmmm 7xu bjsji**:* u > -7 tr-;wa*t «t ^ xttrie 7u-i 
?Tmfzy , )-mizJ*z_z>mmt<DX$$tf, urnt>, io (oe) ktt 

& -5 i5fcje»6nT ^-5. SBEMRAMtt, % 1 tf>HR^JB 2 tf >m<DM. 
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#3g"^©H£ftil©^&K::fc^T, MRAMfct, £&'5Jt&&:g*g3^'ffc:£:W 

fiucH3tanfc»iH*i58«ft:**«Jii t>Mt. mbx*— y-Mtw 

10 !IS2fc:>Ji©lIJI#t 2 ttt, TIH^; : 

adfBfB2iajti56«fl:©*#SM a t, swam e>m<Dmm t , t. mis 
3i2 tf>^©MJ? 1 2 t&««e>scttt. *u>i?¥-)is9m$:?mmzmm~? 

15 

20 Mj>M 2 

25 bp^, mt j*^ i e'j-fe;nc«fflsn*»'&c«?K:»a7?**. &-tffce>. m 

;U$J*©f£§W**#^. ±|E©MRAM©«l^i, MTJjWfcfflSn, fol, 
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*fgBJ«, MRAM©*^UizJI'©fl§B©£ti i: C^T, tf:7-fcy b 

HiS©«m&K'a 

iltt, «©MRAMSitBrI@TSi) ; 

H2Btt, g|£©;*^y-fe;]/©«ffi©1*tt£5*"f"; 
0 5tt, t*»MRAM^ti®0t*l) ; 

f^T©TO-'i4^^Bj-r^>iaTfe§ ; 

BlOtt, mi fcf»I 7 #7 ij-ill KlRST*U>^t:-;Wai*S:»iW 

Ell ltt, 2^^Bj^j;^MRAM©^IM©m2^^"rS'flSlg|T^?) ; 
Ell 2ti, 2(s:^BJt3j;-g>MRAM©IIJS©^2^$:^-r¥®ElTfe'g> ; * 
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(*ifi©IBUB»> 

io -FJ14, KCJtJK9imj|5««tr. ***U-FJB3tt, A9tt£li. Al, 

RuK©«JiilT»iaatl*. 5 tt, ftSttfcfc. F 

eMn, I rMn, XSPtMnT^Sns. 
T«B*«2©±K:, M7x»JEBjeJI6 38«»*anTV»*. Sl^iUIS 

15 i6«, ^it!>i7t, m2tr>i9t, zn<E><Dmzft®znT^z>im 
^fiK^n, tot, *n-enfcg$e«fc&#Lws. ^ie>^7<h, &2 

t:>«9ttt. ll^Cft CoFe, NiFe, XttNiFeCotMS 
20 £tx&. 

*11£>JB7W:, K»«tt«5 0±lC^Sn, IK 1 tf >M 7 tfGTZ Sfg 
a<b»4, »llf>Ji7tR3fi«ttJi5t©HOXSi»'&t'J:0. -x^fatzfa 
JtTB3£$n*. 8B£©^-H»4«. RBHBttJf 5 £»1 e>»7£©M© 

25 it. K&m&m 5 i M>m i to&f&'&iz, »bijwt? f&±©«* 
o o ■c-e, i «nw©j»«ia*«ff *>n* n 
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5 £©£5 «*ft5{li7i >J ESS 6 ©»tt* A» K:-r4fc»»-». 
fgH7i'J@^li6 0^<D^. 1 0 0 0 0lJ^f7miCli4 I t, 2 

wuriioii, ASiWfctt. kastjus-^a (a i 2 o 3 ) rmti. 
io sns. WJTiiott, <bp^, i cMfc^flc) t- 

>*;Mtffi^ns«fc3C»<»/£S*l*. ilA*'J7il 0©«J*fi. ASH 
fity'te, l~5nmT&£. 

15 0 7^$nT^S«k^fc, «i^'J7il 0©±fctt, 

*urir»*. 7'jhbi loesfcasfctt. steBjuiT**. 7u-iutt> 

Rtf-x^fflKffl^ttfttSnxV**. 7U-111U, Sl7i'J@ti 
20 6©*SK£jS£ns««6 a, 6bJ&<5g£T3««#, 7 U -■ 1 1 SSKMW 
C»XL&l><fc"5K:, il7xij@ti6©«6a, 6 b*»6*»C»*n<5. 

19t», -ttl^tltMT J (Magnetic Tunnel Junction) £J£/&U — 

25 — fit. 7 'J —HI l©£fgM<D[p]#<bl'-C!2ti£n5. TMR#)& (Tunnel 
Magneto- Resistance X&JH) K=k0, 7'J-ll 1 ©SfOTt ©!*]£, BP^, 

* J E>J-fc;HZ»*i&*tt*7 f -*r*, MTJ©&#i (ip-fe, /^U-t^OJtttt) 
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SSViCffi«-T*©W5:<. «i7iUHS16*«7'J-il lCRlW 
yK-;MttJRil!HB*y^ r U>i^a*i:K:«fc'3T7U-Jil 1 KBUniSftSK 

mi tf>«7*«7U-si i fc#***k>>?K-;wa*"e**'r5c:tKj: 
■a-otfcsnw*. *n^nffl*¥atti:fiHbT, mi e»i7 £m2 e 

tf>J17 £m2 tf >I 9 i^t 1/ >y t-;^ll:<J: o T4^.5ii(J, 
£T&3. fcT, JBi tr>J17t!62bf>Ji9t*<^-l^>^kf-;i/ja*K:J; 
^T7'J-I1 1 H4A5M^S^Ml:-S$^Ct(ao, m 

ftM„ mi tf>Ji7<Z)MJPt !, ^2 hf>M9CDm{t:M 2 , RZ>*m2 t?>19 
©BtJ* 1 2 tOM©88«OMfl:tJ;'3TjSflKSns. JffjS&a-ftM,, M 2 , 
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j. c. S. Kools^«, ±J6©«£*a«T?mRLfcl&Xt*S^T. 2^?©5t 
fS^-fey h!S^H 0f f £gffiU HI^LW*. Koois mo^MZ&Z 



fc«fcoTJ¥fcH;!sns. JLJLT, htt. !*«tt4Mlia«tt*To»i. Ate, 
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IWlftTS'S. Kools ^©^x^SM^x'JHSEIiefcafflTfSaA^Jw 



1-exp 



-2x 




yf2t 2 



•(2) 



10 



***HTOJMB. Ate, ^n6©Ji3WWT^«J«. t R tt, #«tt#X^— tf« 8 
OK*, t F te, 7 >J -t§ 1 1 ©l&JP, t A , 0 tt. *6»A U 7J§ 1 0 ©BIJP, t 

B9», H£2 tf>/19©J¥£ t 2 $:/l7^-^<htT, t , / t 2 y 

is 7 A. A&180A, t Alo tt. 15AtUTM$nt^5. 09l:^n 
W£<fc5K:, t^lOAOTtU t 1 /t 2 &»4. 5l~T5££t;:J;<9, 

fiL, MRAM©K»±©fi!l©gBK:J:0. *SJ17 x U @£1 6 #7 U -« 
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1 1 \zR&?*u>i?v-)\'®m*mnmzo\zirzz£*wm^fc^%'&& 

(oe) &rFtztt\fflzn2>z.£f>mm~c$>2>o mmy^vm^me^uy^ 
tf-^^CctoT^u-n i iz^-xzmmz, io coe) OTt-rsji 
ta, mit^J^coMM!, mi MymKDmnt *2tr>jB9©«rfk 
m 2 , s^!2 tr>@9«m©t 2 tcowoBfli*«iflsr*j:tk:J:oT3ti« 

R5B©iID. »Hf>«7t*2^>Ji9a:A<*n-enWTSaf6« 

t©EHI^€rt>St*/hS^&. M 1 *M 2 «fc!5*>*€r<-r*C£fcJ:D, BP 5. 
M 1 /M,ft**<T5Ctl:J:-3 T&H 7x'J B£JI 6 1/ > v tT-Jld»* 
{CJ;oT7 U-Sl 1 < -T* 

II 7i 'J i^I 6 1/ >y hf-MlH J: o T 7 U -1 1 1 \Z5- 
t ^ 1 2 %mi)UTZZtlz£^TM<}>t£i£Z>Z\t$>pim-C$>Z>, 
mi Ott, *-©Sfi£l&i|if »2 e>H9©|Jtff t 2 **/h£Wf £. 

^1 tf>JH7 <b^2 lf>Jl9 t7&^k>> J tf-;U^*t' t koT7U-jil IK 
#*5«»©**SttifiV>fcl;:&*. l£S!i©ii0, ft 1 tf >H 7 tm2 fc°>Jf 
9 t&*U>W-)\s®%:lz£.^Ty 'J-Jf 1 1 fc-£ASl8«<0flI*W:K**T? 

J6 2fc!>Ji9©8l»t 3 j&VhSV>a£, «l7i l JM6^tl'> 
i?tf-M«l:ioT7'J-Il 1 li^^ISli, 

-77, mi v>M7<Dmmt w.2 ¥>m9tf*u>w-ji 

Mi:«kot7'J-li mi tf>l7^u>vtr-;^ 
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ow&teSkTomvx'&z* %2 e >/g 9 v>*j M-)^mz^ T7'j 
-pi lcwsiSHjii m2 t:>ii9^iM£tt;^-^Ji8t£&£i-5# 

-75, mi tr>S7 7&^U>> J h!-^^fcJ:oT7U-® i wztuxzm. 

( 1 ) m 1 ¥>m 7 #K3£fi&ttJf 5 K&-£-T&#® 7 a I3tt5lim lb , 
io (2) mi tf>@7^«tt7,^— «-®8^^-r«>#®7 b(3tt5il 

11 1 {^U>^I^-;^*t«t-pT4A'g»OTH 2 $tT^^-r^ffl^Wt-5- 
75, 5SSm lb W5SIH, b li KH§H 2 <h (D^rSl^fe 0 . 7'J-J1 

a^H lb «, 7U-11 l(cPPJO$n^V^i:^MSL^. «1H>I7£DI 
/gt iim lb A57'J-il 1 \zmwtz>t&%n lb te'i^<u 

K>, ®?L\Z, Wi2 \f>m9rf*ls>W-)l%}$:\z£-3T7*)~-mi l\Z5-X 

%mm*ttt>m-tmmm lt <D<mtf&<tez>o fox, m2E>mstf*u> 
20 yT-;waoX7U-ii ii:^^s*4. ^wiymit^vyv 
tf-j^^fc=toT7U-si i c#Asa^CctoT*T-fe^-r^fi, mi 

^©j;^iw, mi e>S7©Kiit m2 tr>«9©Bust 2 ^ 

25 Mti«koT7U-Il lfc#**««tt. /hS<*6. 

M/Mjtt/tji^, tn^nK*#^Ht*, «i7i'JM6^ 
U>v J tf-;i/^^=fcoT7 "J- If 1 1 fc#;L5aWI£/hS 
3**, M/Matt/tjitt, TfE5£: 
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^A>i ... (3 ) 

tff&iLirz>Mmizi<:%<zn%zttttftm'r?&z>o iS (3) tftiteTzmmz 

U,/U 2 t t y t 2 £tf*%<ZnZ>Ct\Z<k*), ^Jf7xUTC®6^^ 

5 

tzzuztaz. M 1 tu 2 ttf'gnmz-$i.t£nz>m&, mi^>M7(omm 
io t l ^m2^>m9(Dmmt 2 ^h^<-r^>z\t\z^x, m^>. t,>t 2 

-x, ii7i'jra6*5, mm.ftv7v>>7%i$k\z&~3T7V-mi i 

HiPX-&m^©«Ifi]tt ( EI8C^£nT^£J:5K, ii7iU@^i6^ 
5fc#Kx#7!7^K^#tig<3£iS:b, 7'J-Il l^l7iU@£I6©i 

15 6a, 6 bfr$%ftlzMtl2>£?iZ?2>Z.t\Z<iL^T:mf&ZnT^Z>. 7U- 
JSlltt, ai7i'JISl60»6a, 6bliMJn5li«4t5« 
»#7»J-JB1 1 £*ff#JK:$8£bfcV>*I&K:, f*H7xUB£II6 0tt6 a, 
6b*»&«sn5. #«*yyU>^»*». ^6 a, 6bC*rit*n*M 
t±oT5l#SilSn**6. St/l7xU@5£Ji6cD35§6 a, 6b^7>J-l 

20 1 1 6 ££fc«fc0. «i7i'JHtl6««7U-Il lCS^t 

fib. MRAM©«tt±©te©WBK:J:?>. ii7iU.Btl6*i7U-I 

1 l Kfttf-rHHK* v 7' J V^M^^SWi: 0 fc-r* £ £##»Tfc^*£ 

25 ctoT7U-Jii H;4il51WWl:']^<^n ) l 0 (O 

e) OTi^ns^tW^lK *SJl7x'J@]£JI6tf>>«6 a, 6b<h7'J 

-ii i £(Dmffi*mwiz*£<-rz>z\t\z&<o, ii7iu@si6^, # 
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©ttftM 2 , fttfJKJSt a ©flraHtK:«kD. 8Uf7xUHJi[Ji6*«*U>^tr— 

10 (Oe) KTfc£na. Ii:, ai7xU@$i6©S6a, 6b*7'J 
-11 l^£3fc#lcSft-f ££££9, Stl 7 1 U 0^1 6 y 7* U >^ 

10 (Oe) OTfcStta. ^n^K^D, ^t'JtWt7ty h«W, 
&S«jK:**l>£tlTV>S. il7xUi^I6^l/>yt-«i^* 

>»tiaoT7U-n i \z&\£?mwtn?n\z^ < $n 

01114, *58WfcJ:5MRAM©^Jfi©JB2^li**'r. 8»^ii:t 
5fc»K, Hi lCjRSttWSMRAM©*ifi©»ft*©J**fi, *I»©MR 
AMtJi&oWSCtfcffiftStlfc^. 

lHfl£©Jg 2 ®S8©M R AMTte, HSS©m 1 MBomm 7iU B£JI 6 £g 

>^30*£©*WM**fTfcnTV>5. 
ml©^2^©^^RAMna^ffl^tlS^il7'x l J0S16 , «, — ©jgl 

hf>B7' t. «»©#BBHt#^^— 8 ' tfJi 8 ' © 

±t^n^-*n(3M$nTv^^2tf>@9' t&^tr. %i\z>mt tse 
2H>ms' nt, 5ft«tt#Tjgj«sn, tot, ^-n^n^e^fis^SrWb 

W*. *ltT>B7' t. I2fcf>19* ttt. ASiWKte, CoFe, N 
i F e , X«N i F e CoT»^n5. #«81£#X^~tHf 8 ' tt. ^Utt 
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*2«»7b' t*»6«jS*nTV»*. fglgB#7a' fit, xftti^f6]«#-r 
Sct^tcSHIS^n, SBl«»7a' 7'J-Il l3&»6*»K:«*nT 

SglgB#7a* ©±IC«, I»0»2»»7b' *«RW-6n*. H2hf»l 
«. ^2tf>JS9' ^fiESn^. ^2k!>M9' ©±Ctt, WJ7H 

o . 7'j-in, Rtf±a«« 1 2 ^ms^jci^sns. 

^2g|5^7 b', ^fflt^^-U-BB', 3&2fcf>0 9\ itA*'J7ll 0, 
HS£OB2^g8Tfe, SfeK©«ll»»OMRAMtn*K:. «l7x'JB* 

2tr>^9* ©Btfft 2 Rt«S{bM 8 ©*a<bcj;o»jS**iT^*. 

£ffi©8 2»*©»l tr>» 7' ©Mt t t«, *l»#7a' ©Btfft lh 
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»ll:ttl o (Oe) **>0Fjlfci4, *JW9K0K«i*J3ns. 

55 fc, «l7xUi!lI6' 35«*U>5?i;-;pa*fc«fcoT7U-Jil ie 
4&S«»#^RWK:0K:SnfcV»»&fc»4, 5£ (3) ^3£T-5=fc-5fC, ft 
1 tf>»7 " ©Wt^tflftM,, IW:, B2t±>/I9* ©flHJ¥t 2 ;&tf 

ommt Y tm2 \£>m9* ouwt a iA«^«>6ns. 
-77, »«*y^u>^«i*©aiwtt, mivymT ©3§iSB7*7a' <t 

15 fg2g&#7b' £©lfjS©^IltK±oTfffrn3. El 1 2 CwSnTH* J: 
*lffl5»7 a' 14, SftlSB#7 a' ©HI7 c\ 7d' *«7U-Il 1^ 

7a' ©S7C', 7d' tt. *S7c\ 7d' K£^Sn-5««a*$8£TS« 
**«, 7U-ill*iSMli^b^^i5C, 7'J-Jil lA>e>3fe#C*l 

20 $tl£o 

jgl lCR«t»«*y7 ,| J>mS, ft2g|5#7b* ^7U-11 ICR 
», ^2^7b' ©i&J¥t lt *4, 3SRttfc (M,/M,) ■ 1 2 is 

il7x'J@tI6' *»IWB*y^U>^«*lCJ;oT7U-Jl 1 1 fcft«"T 
a«*ll»6<Jfc:0fc"rS3:t*iaffiK:f S. »2«a-7b' ©»7 e\ 7f 

c4j«*nsiaa*«5S4-rsfla!*H I , c ©^**tt, m, • t lt tttwr*. - 
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7 b' <Dfl£JPt lt £ (M/M^ • t 2 i;iSMIC — S^tti K), MM 
#7U-J11 ltRlitfa^y^'J^MS, ff§2a5#7b' 

«fcO, §l7xU@t!6' *«»t*y^U>^*l:J:r)T7U-ll it 
W6»i***«C0 CtSC^t?**. 9i7i'J@£I6' 

Sg2gB#7b' ©l&0t lt £ (M 2 /M,) • t 2 ©ifiH!Mat«e>S£fcK 
cfcO, 5f£g7x'J@5£H6' ii«IIHa* y^'J >^J»*C«toT7 'J-l 1 It 
4A4«i*S8i:iO (Oe) »Tl:1"5^t«<T?*5. 
eLhCRW^tlWfti^K, ^lOi2^SgOMRAMm 1I7i'JH 

19' ©«&{tM 2 . fttfjBWt a ©*jIfl;fc<fcB. 8H7i'JH^I6" ifi*l> 

Xte, 10 (Oe) ETFtSn?.. JEfc, IS 1 tf>M 7 ' Oil^7a' t 
Sg2gB#7b' to«ig©fk3B^t«fcO, »I7i'J@£16' ^lA-y^ 
u>j^*cj:oT7U-ii i i;4^58lffli;t^^Wt o i-^n, x 

«, 10 (Oe) GCFfc$n«. ^n^t^O, ^tUtiKOt7t7Mi^ 
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3. ^<D$Bfflm2^3fB^am7>^ATi7-fe7,^ ; eUt43^T, 
hoIBB 1 fcf U > V \L-)^m\z J; o ThSIH 7 U -il fcjDx.SH 1 M 

2 mm t <DW$mm cotss 
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5 . If #©fgBS& 2 ££Ett©&A 9 > ^ A 7 fir * * * »J fc* vr. 

n^x^-- y-ji 

fg 1 ^KfawxHjea ntas 1 0j£a56«fk&*r*» 1 \i>mt. 
MiBm 1 *ieii:ttR»oji2^rrtfcftw-THJfe*nfc» 2 Hj6e««^*w 
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Miami ¥>mtmm%2¥>mti*, Mt&mm7*vm%.m&, mnmz, 
2 /m,) • t zO/P^^wr^^ttCcto, MfBfsn^iuia^jite, mmijy 

litJfflfcJI^xUBJtStt, 

«$ i #fiiK:HJS3nfc8 i HJfei»«fb**rrs» i tr>Mt. 

2«*£©fdJ&«£««fcOTifc* 

8 . i|3fc©fBBSft 7 St|Bfi©^7>yA7i'-feX^ ; E 'J £*5^T, 
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9. &m»smts:£&&mmtz:mTzy')~-mi:, 

5 t%B?L, 

mtmmm\t, mftmiiiWzMWTz&oizmmtsn, 
i&isnzmmtf, mmyv-mizmnmzm&ists-^mmzxz^ 

10 

10. K&»imf££&&%mtzGtz>7V-mt, 

sots 7 u -mtmummy^ u bs» t©wfc^s:«n*#«tt©x^— u- 

$ i ■zmz.m.-zntz.'m i H£B§8«ffc**rr*s& i\f.>mt, 

20 i^^-, 

mum 1 »#©±k. mmmm.y yy&rz-tzt^v imjs&n*WGL<i> 
&mzmm£j5faiz&\,*xmm& 2 \f.>mt&m.m-&t%&o tc^snfciis 
25 2as» 

atrial 1 Hjea$MK{fe©**s sm, £ u MbBSH 2 @£g$a&te©*#£ £ 
taB»2»»«, mmmz (m 8 /m,> • t 2 ©»s**rr* 
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m 

u>is\f-)\s®£\z£-ixmt?,7 ] j-mz5-7iZ>mm<D±2Z£, mummy 
n-m*. io (oe) ErF"e&s«fc'3k3e»&ft& 

«ui7xuia*Jit, 

H&B2ISJl7xU@JfcJa«, 

IB 1 #GlfcB£Stt&« 1 HJ£B$6«fc**T*« 1 fcf >* £. 
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HfjfBSI 1 tf >H©|g|JP t x t, fifBfg 2 fcf >Jf 1 2 <hte, TIBS : 

MSEM ! <h StllBM 2 <h £Hfl9fc#LV» 

1 5. lf*(D$gH^l 2 ^13^0^7 >^A7^izX*^UK*V>T, 
M>M 2 , 

^ 5 > ^ A 7 ^ -fc X * t ' J * 
A 7 ^ -fe X ;* ^ UKis vvr , 
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